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the incru8ting substances" (2). The same activation of
the incrusting sub8tances (evidently lignin) ia ~
to be reaponsible for bond fonnation in the SIS ~ i
(3). ..

Ab8tract
Severely cooked Maaonite gun pulp was u8ed in the

laboratory to manufacture theee four hardboard types:
giS-wet formed. S~wet formed, SlS-dry formed (water
added after forming). S~ formed. No resina or other
additives were U8ed.

S2S boards. both wet and dry formed. had superior
mechanical properties. However. theee same boards had
greater linear expansion. SlS-dry formed boards were
very similar to giS-wet formed boards.

The conclusion was reached that such highly
reactive pulp could be u8ed for the manufacture of high
quality. dry formed, binderleea hardboard.

c

On the other side of the Proce88 chart i8 dry-fon-..
hardboard. which does not benefit from either hydr-..
bonding or activation of incruatina eubetan~ -
which muat rely on added adhesive.. binder, like...
dry compoeition boarda such .. particleboard ad
plywood.

Figure 1 augge8t8 the following qu.uOD8:
- What fundamental difference between S~ ID8iI

entering the hot-preu from both sid. of tI.
wet! dry dividinr line inhibite the formation Ii
lignin bonding in the dry-formed mat?

- Ie the hydrogen bonding 888ociated with .-
forming a n~ry ph.. in manufactuN fI.
binderlesa fiberboard?

- To what extent do 8D8Wen to the questions depend on raw material and pulIiIII

variabl.? ~

No clear 8D8WerB can be found to these que8tM-. I

either in the literature or in di8Cu88ioD d
knowledgeable practitionen in the field.

De8ip of esperlment (
To answer the tir8t two qu.tione requiree tb8

Imanufacture and evaluation of all poeeible ~

If a curious obeerver were to echematically arrange
commercial fiberboard pr0ce88e8 by their water con-
sumption and type of bonding that oa:ura between
fibers, he would diacover a need for clarification of IOme
long standing theoriee regarding the bonding of
fiberboard (Fig.!).

On the wet side of this process chart are inaulation
board, SIS hardboard, and S2S hardboard. It is
generally agreed that inaulation board reli- on
hydrogen bonding of fibers, brouB'ht about by removal
from the pulp sU8pen8ion of water which, owing to its
high surface tension, drawa fibers into intimate contact
with considerable fo~. This ia a1IO the principal
bonding mechaniam in manufacture of paper.

The S~wetl board mat goee through the .ame
water evaporation phue and develope the same type of
bonding 88 doee the inaulation board. althoUB'h its
fumiah composition and furnish characteriatics may be
different. In the hot-prNa thY dried mat is then
densified at high preeeure and temperature and con-
solidated "by the activation of the bonding properties of
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Figure 1. - Schematic overview of

commercial fiberboard processes.

types from an identical furnish. The third question
requires the repetition of the experiment with different
fulniahes.

Figure 2 outlines the experiment. It includes four
types of hardboard - giS-wet, S2S-wet, SIS-dry, and
S~ry. The SIS-dry type attempts to iBOlate fonning
variables in the SIS proceaa where mats are nonnally
Conned wet. No additives are used in any of the proceaaee
with the exception of tap water.

The present study is limited to one pulp furnish, and
is the fir8t phase of a larger study including different
raw materials and different pulping conditione.

Procedure
Pulping

It was decided that the first study would be run with
a severely cooked Masonite gun pulp, followed in
IUbeequent studiee by refiner pulps, both pr88urlzed
and atmospheric. This decision was baaed on the reaulta
of work by Koran (1), suggesting a pulping temperature
,threabold above which fiber separation occurs"primarily
1ft the lignin.rich middle lamellas, leaving the fiber
Iurfacee covered with lignin, and the deeire to provide
the most favorable conditione for a lignin bonded dry-

formed hardboard. Of all commercial pulping devices,
the Maaonite gun is capable of providing the moet severe
chip treatment.

The raw material was whole-tree mixed hardwoods
chips taken from the production furniah at the Masonite
plant in Laurel, Mi88i88ippi. A cureory analyaia of the
chip material is given in Table 1.

The pulp was produced in a commercial Masonite
gun under conditiona not normally used in manufacture
of Masonite hardboard. The gun cYcle is illustrated in
Figure 3. The resultina pulp was 80 fine, with the
exception of a certain fraction of slivers, that it could not
be refined without increaainl drainage time to imprac.
ticallevela. The Tappi drainage time of the raw pulp was
23 seconds.! Moisture content averaged 83 percent (55%
consistencY).

Prior to manufacture of experimental boards in the
laboratory, the fraction of slivers. was removed by
brushing the pulp through 1/4-inch hardware cloth.
About 24 percent of the pulp wu retained on the screen
and discarded. The Bauer-McNett classification of the
pulp before a:nd after acreening is given in Table 2.)
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Figure 2. - Flow chart outline of the experiment.

TABLE 2. - s JlcNen ~ - 10. - 0fMM'7
M~ pulp~ ~TABLE 1. - COfIIPO8itioII of cAip ,... ~-

Oak
NonoOak hardwood.
Pine
Bark
Fin.

Total





limited evaluation d~ not approach a aatisfactory
characterization of theee hardboard types with regard to
their perfonnan~ in 8pecific applications such II
paneling and 8iding. Neither can theee ~ulta be
meaningfully compared with any commercial prodUcta.
They do, however, allow BOme compariaons within the L
framework of thi8 experiment and eome concluaiona :

with regard to fiberbonding and the role of water in bond
formation.

Modulu. of e}_deity (MOE) and bendin. 8tren1th I

(MOR) MOE and MOR show great een8itivity to and cloee f

correlation with board density (Fig.. 7 and 8). Thia it ,
particularly true of the S2S-dry board.. If th... '-ulta
reflect the quality and the extent of the bonding between
libera, the contribution of hydrogen bonding in wet '
fonned boards muat be diacounted. It is clearly the .
bonding developed under the dry conditiona of the S~ :-
preee that is respoD8ible for the 8uperior properti. of the
S2S boarda. Whether the S2S board ia approached from t
the wet or the dry aide, or whether the water in the SIS
mat is added before or after fonning 8eeDl8 to be of little
conaequen~.

S 1 S-dry

- Mat formed on vacuum dry-former from pulp of
abOut 83 percent moi8ture content,- Mat soaked in tap water until saturated.

- Wet mat dewatered andprepre88eciuunderSlS-
wet,

- Mat hot-preaeed with screen on coaree aide of
mat.

~
- Pulp dried to constant weight at 22CJOF,- Mat formed on vacuum dry-former,
- Mat hot-preued without screen.
Achieving the proper prese cycle that would result in

the desired board density and thickness without
developing surface water spots, bli8ter8, or sticking to
screen or cauls required considerable experimentation.
The preae cycl- shown in Figuree 4, 5, and 6 con8i8tent-
ly produced satisfactory results. Pulp conaiatencies and
white water characteristics are listed in Table 3.

Re8ulta
The interpretation of the experiment is based on

results obtained from a number of standard teats. This
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Figure 11. - linear expansion (50'1. to 93% relative
humidity) of four hardboard types.

Internal bond (IB)
Figure 9 8how8 the relationship of IB to board

den8ity. S2Sdry boards had remarkably high m valuee,
consisten tly higher than thoee of all other proce88e8. If a
strong vertical fiber orientation component was respon-
sible for the high valuee of the S2Sdry boards, then the
modification of this component in the SIS-dry boards,
which were formed in exactly the same way, must be
attributed to the force of the water being squeezed out of
the mat during preuing.
Water abeorption and linear expansion (LE)

Water absorption, both by weight and thicknese
change, does not show great variation between board
types (Fig. 10). LE showa significant differences
between SIS and S2S boards (Fig. 11). Part of thia
difference is due to higher equilibrium moiature content.
at 93 percent relative humidity of the, S2S boarda (Table
4). TABLE 4. - s.--ry 0( ~ ~ fa, 0( {O8r Mni'-rd 'ypn.

Bo8rdtype
CoDclueiOD8

1. The important bonding proceea in the manufac-
ture of hardboard occurs in the pre88, not on the
forming machine or in the dry~. Hydrogen
bonding, therefore, contributeelittle or nothing to
final board strength in both dry and wet formed
and preued boarda.

-Sls:;:e& SlSodr,. s 82SdryP.v;p-..~y
~;~ ~ -~~~-

LE (~ tG 93' RH)
MC (60% RH)
MC (93' RH)
MC cbaDp

.3T7
4'-
~
3.'19

.347
4.(w,
7.88
3.84

.549
4.64
8.76
4.12

.fa
4.~
9.~
4.97
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watel' with practically 100 percent yield and ~
Maentially the charaeteri8tiC8 of a Wet-fOlD1~
SIS hardboard.

- Highly reactive pulps could be formed dry aDd
combined with slush overlays, or could be i
applied .. resin-&. surface layers to dry fiber~ ~

particle mats in the manufacture of medi-
density sheet materiala.

~
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2. Bonda formed in the pre88 are of the lignin type
and, at the temperatures used in this ltudy,
appear to be greatly independent of mat moisture
content during preaing. Superior bonda formed
between dry fibers may reflect the effects of
higher p,.. temperatures used.

-3. The wet-dry p~ dividing line is no real
barrier to the manufacture of binderleu hard.
board.

Theee conclusions apply only to the particular pulp
used. It is probable that different pulpe will prod~
different results. For this particular pulp, however, and
for similar pulps theee practical consequences are
envisioned:

- Highly reaCtive pulps can be formed dry and
pre88ed dry without re8in into a hardboard of
superior properties.

- Dry-formed fiber mats can be proceeaed into an
SlS hardboard with minimal amounts ofproceee
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